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, cirfMn*'— a vertical skdn in which the per- 

"^CscA for brevity to refex .o d.h« a <^lin<h^ 

So A ScSTcar the headers where there is aegUgible 
""^^ fib«s"-fib«s .hid> ™^ up .he cyUndrical 
'Vertical skein"-an integrated con*mation of smj^ 

dei^nt. |-«=l"<^^^<'>;tfffofh:^in*SS2 
substantiaUy equal length; (u) a pair oi 
i^are ^..Sl |he opposed .t-J^Pr^^ 

'•substrate--ii«ltic»mpoiieBtUqiiid tod. 
"o«ticiilate m8tter--imcton-sized (fiom 1 to about 44 

^^JsStiLly conceutrically»-^lescribes a cojA6««^n 

^smembrane pressure ^"'^^"-^'^'J^^ 
encT^s a membrane waU. resulting ^^^^ /"^^ 
SUtions under whid. the membrane is opewtmg. 
Xsupp«ted--not supported except for spaccrme-is to 

soace the headers. _ 
Vacuum pump--capable of gpnoating a suction of at 

^''eTflo^cmenr (or "bubble «>ne;>-^ 

tooui XTbubbles rise along 
uffougnwiu in turn, is determined by one or 

ScoTlSSfeS^yrisingg-bu^lesgeneratedncar 

the base of a skein. 

Tlnt^-soubbed assembly co;^^8. a imaoflltn^^ 
- Kr«n*» device in combination with a gas 

il^SS^ rans ^^ilize build-up of particulate 
distnbunon mcaiB membranes 

in sSd ^Z Jio recover permeate from a 
S^i^em'uS ^ibstrate 
Ztcr Zdn. said membrane device compndng. 
Tmultiplidty of libers, unconflned in a sheU of a modu^e^ 
* 2SSbeing swayable in said substrate, said fibers 
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beine subiect to a transmembrane pressure diffecntial 
Sftl rSngffrom about 0.7 kPa (0.1 psi) to about 345 

. i^'^d sSU heada disposed in transversely spaced- 

b^ing formed with a potting resm cured in a resm 
confining means ; ; . 
said first header and second header havuig ^^J^ 
eS portions of each fiber seahngly seoned 
aU open ends of said fibers extending from a 

^^^coUectioimeans to coUect said penneate 

^Ten fluid communication with permeate- 
discharging faces of said headers; 
nwans for withdrawing said permeate; and. 
^Tgas-distribution means is located within a zone 
benwlhsaid skein, said gas-distiibutioB means havmg 

S?al^«^^erre.^^^^^^ 
^add stein fibers, to keep surfaces of said fibers awash 

?ai?SSl' said headas and said permeate collertion 
iS^ttier forming a veitical cyUndnca^ stem 
Sn iaid fibers are essentially v«^«Uydi^- 
S«dd first header being upp« and disposed in 
$!S^spaccd-apart relationship above said sec- 

feed Sn^ sTffixxs being substantially con- 
S^«luy disposed relative to the v«ncal axis 

eaS'^^S substantiaUy the same .eng 
tid being from at least 0.1% greater, to less 
fgrc^ than said fixed f sta««^ 
oeimit re^tticted disjdacement of an mtetmediaie 
5nrfeadiftber.&ndent»y of the movement 

of another fiber; 
the imirovement comprising. 
JKd header having said fibers *Pf?«^«^ J^* 
fl,Tihle suooOTt means having a thickness cone- 
^SigT^^tate^U spadng between adja- 
^t Ss said support means extending over oiJy 
^Snal poil^of said fibers near theu: en^ 
tTLrmain^ said ends in closely-spaced .pan 

Jl'ST^Sbution me«.s being «»isposed between 
Mid fibers and having «l»««8h-passages ad^ to 
Siu^esdd bubbles whid, rise vcrticaUysub^^ 
Liy i^el to. and in contact with said fibcw. 
^XiHofwhidi is restricted within said column; 

withdrawn. .« u * 

2 The gas-scrubbed assembly of claim 1 whcrem. 
tid^eLted displacemem is in the lateral or horizontal 

sait^to are non-iemovaWy i'^^.'^'^^'^, 
means, and. gas^^-J 

s£^r^T««s.ri^ 
^rs^^TaS;^^^^^ 

SiS« rS outer surfaces of said fibers 'ssen- 
freXn build-up of deposits of said parturiate 
matter. 
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3. The gas-scrubbed assembly of daim 2 wherein, 
said gas-distribution means includes a vertical member 

ccntraUy axiaUy disposed within said skein and through 

at least one said header; 
said length is from 1% to less than 5% greater than said 5 

fixed distance, 
said fibers together have a surface area >1 m . each liber 

has a lengSi >0.5 meter, 
said fibers together have a surface area in the range from 

said headers are vertically adjustable to provide said fixed 
distance, and, 

said bubbles are in the size range from 1 mm to 25 mm 
measured in relatively dose proximity, in the range 
from 1 cm to about 50 cm, to said throu^-passages. i5 

4. The gas-scnibbed assembly of daim 2 wherem. 
each header indudcs both, a fiber-setting form to hold and 

set said fibers in a diosen pattern, and spacer means to 
maintain desired fiber-to-fiber spacing within said 
skdn. said both being integral with said header; 20 
said fibers are potted within said synthetic resinous mate- 
rial to a depth in the range from about 1 cm to about 5 
cm and protrude through a pcrmeate-discharging face 
of each said header in a range from about 0.1 mm to ^ 
about 1 cm. 

5. The gas-scrubbed assembly of daim 3 wherem. 

said permeate ccAlecUon means includes a vortical mem- 
ber coaxiaUy disposed within said gas distribution 
means* vertical member, ^ 

said substrate is maintained at a s^essure in tiie range from 

about 1-10 atm, 
said transmembrane pressure differential is in the range 

from 3.5 H»a (0.5 psi) to about 175 kPa (25 psi), 
opposed terminal end portions of said fibers are in open 

communication with each other through eadi said 

header; 

said fibers are in the range from 0.5 m to 5 m long, and. 

said terminal end portiwis of said fibers arc potted within 
said mass of resin to a depth in the range from about 1 40 
cm to about 5 col . -a 

6. The gas-scrubbed assembly <rf claim 5 wherein said 
particulate matter conqjrises biologicaUy active microOTgan- 
isms growing in said substrate. 

7 The gas-sCTUbbcd assembly of claim 5 wherein said 45 
particulate matter conqnises finely divided inorganic par- 
ticles. . * i. • 

8. The gas-scnibbed assembly of daim 1 wherem. 
each said fiber is f cjrmed from a material sdected from the 

group consisting of natural and synthetic polymers, has 50 
an outside diameter in the range from about 20 pm to 
about 3 nrai, a waU thickness in the range from about 
5 pm to about 2 mm, and, a pore size in the range from 
1000 A to 10000 A, each said header is a cylindrical 
disc having substantially the same dimensions, and, 55 
said gas is a molecular oxygen-containing gas. 

9. In a miaofiltration membrane device, for withdrawing 
permeate essentiaUy continuously from a multiconqwnent 
Uquid substrate, said membrane device including: 

a multiplidty of hoilow fiber membranes, ot fibers, 
unconfined in a shell of a module, said fibas bemg 
swayable in said substrate, said fibers being subject to 
a transmembrane pressure differential in the range from 
about 0.7 kPa (0.1 psi) to about 345 ld*a (50 psi); 

a first header and a second header disposed in transversely 63 
spaced-apart relationship with said second header 
within said substrate; 



said first header having a terminal end portion of each 
fiber secured therein, and said second header having an 
owwsed terminal end portion o£ each fiber secured 
therein, all said fibers extending from a permeate- 
discharging face of at least one said header, 
said fibers being sealingly secured with open ends of the 
fibers secured in fluid-tight reUtionship with each other 
in at least one of said headers; 
permeate collection means to collect said permeate 
through at least one of saidheadcrs sealingly ccmnected 
in open fluid communication with permeate- 
discharging faces of said headers; 
and. means for withdrawing said permeate; 
said fibers, said headers and said permeate coUection 
means together forming a vertical cylindrical skem 
wherein said ^bcxs arc essentially vertically disposed; 
said first header being upper and disposed in vctticaQy 
spaced-^ relationship above said second header, 
with opposed faces at a fixed distance; 
each of said fibers having substantiaUy the same lengtii. 
said length being from 0.1% to less than 5% greater 
than said fixed distance so as to permit restncted 
displacement of an intermediate portion of each fiber, 
independentiy of tiie movement of another fiber; 
the improvement comprising, 
each said header having said fibers spaced apart by a 
flexible support means having a thickness corre- 
sponding to a desired lateral sparing between adja- 
cent fibers, said support means extending over only 
each terminal portion of said fibers near their ends so 
as to maintain said ends in closely-^aced q>art 
relationship. 
10. The membrane device of claim 9 wherein, 
each said header is a mass of synthetic resinous material 
in which said terminal end portions are potted and said 
fibers are formed from natural or synthetic polynaers; 
each said fiber has an outside diameter in die range from 
about 20 Mm to about 3 mm, a waU tiiickness m the 
range fix>m about 5 um to about 2 mm, pore size in the 
range from 1.000 A to 10,000 A; and, said displace- 
ment is in the lateral ot horizontal direction. 
H. The membrane device of claim 10 wherein, 
said permeate coUection means includes a vertical mem- 
ber axially disposed through 
said headers and within said skein, 
said substrate is maintained at a pressure in the range from 
about 1-10 atm, said fibers extend as a skein upwardly 
from a fiber-supporting face of eadi of said headers 
each header has substantially the same dimensions, said 
fibers extend downwardly through tiie permeate- 
discharging face of said headers, and said permeate is 
discharged upwardly relative to said upper header. 

12. The membrane device of daim 11 wherein, 
said fibers togetiier have a surface area >1 m^ eadi fiber 

has a length >0.5 meter, said fibers togetiiw have a 
surface area in the range from 10 to 103 m and, said 
terminal end portions of said fibers iH<rtrudc through a 
penneate-disdiarging face of each said header m a 
range from about 0.1 mm to about 1 cm. 

13. In a process for ' naintaining the outer surfaces of 
^oUow fiber membranes essentially free from a buUd-up of 
deposits of particulate m itaial whUe separating a permeate 
from a multicon^nent 1 iquid substrate in a reservoir, said 
process c<HnFd$ing, 

submerging skein fibc rs in an essentiaUy vertical, cyhn- 
drical configuration within said substrate, said fibers 
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being unqpnftncd in a modular shcIL and securely held 
in vcrticaSy opposed, upper and lower headers spaced- 
apart at afiXcd distance, said fibers having substantially 
the same le^ and from at least 0.1% gftatcr, to about 
S% greater than said fixed distance, a transmembrane 5 
pressure diffScntial in the range from about 0.7 tfa 
(0.1 psi) to abbul 345 kPa (50 psi). and length suffi- 
cienUy grcatcr\than the direct distance between 
opposed faces of \aid first and second headers, so as to 
present said skein to a swayable configuration above a lO 
horizontal plane thiough the horizontal ccntcr-Unc of 
said lower header; \ 

mounting said headers \n fluid-tight open comiminication 
with collection meank to collect said permeate; 

flowing a ftbcr-clcaninA gas through a gas-distribution 
means proximately ^osed relative to said skein, 
within a zone beneath W skein, and contacting sur- 
faces of said fibas witft sufficient physical intact of 
bubbles of said gas to riaintain essentiaUy the entire ^ 
length of each fibers in siJid skein awash with bubbles 
and essentiaUy free from sjud tniildmp; 

maintaining an essentially constant flux through said 
fibers substantially the saiae as an equilibrium flux 
iniiiaUy obtained after comrijcndng operation of said ^ 

process; \ 
collecting said pamcate in said collection means; and, 

withdrawing said permeate, \ 
the in^)rovemcnt comprising. I 
introducing said cleansing As between said fibers 30 
within said skein to gciiiate a column of said 
bubbles alongside and in codtact with outer surfaces 
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of said fib^; said fibers spaced apart by a flexible 
support ni»bs having a thickness corresponding to a 
desired Ulcra. spacing between adjacent fibers, said 
support xneans^ extending over only each tenninai 
portion of saik fibers near their ends, so as to 
mainlain said en<b in closely apart relationship; 
restricting movemeni of said fibers to said vertical zone 
defined by lateral movement of outer fibers in said 
skein; . 
veiticaliy gas-scrubmng said fibers ouUide surfaces 
with bubbles which^ow upward in contact with said 
surfaces; \ 
fnaint*ining said suf aces Substantially free ftom said 
deposits of particulate matter during a period when 
flux through said fibers has attained equilibrium; and 
simultaneously, essentt^ continuously, withdraw- 
ing said permeate. 
14. The isocess <rf claim 13 wherein, 
eadi said hollow fiber has an outside diameter in the range 
from about 20 pm to about 3 mm. and a wall thidmess 
in the range firom about S imi to about 1 mm; 
said particulate nutter is selected from the group consist- 
ing of microorganisms and finely divided inorganic 
particles; and. 

said gas-distribution means discharges gas in an amount 
in the range from a47-14 cmVscc per fiber (0.001 
scfm/fiber to about 0.03 scfin/fiber) and generates 
bubbles having an average diameter in the range from 
about 1 mm to about 25 mm. 



3 




Aystem for t reatin g a multi rnm pnnent linnid substrate 
^hilft leavinp p aJ riciilate m ^ ftf *^^rem. comprising. 

(^ ) ^ nnn-iress ^ ri^ ^i rPSP.Tvoir othftf than a shgll of ft module 

for containi ng thekuhstrate: ' 

(h) /rylinStric?! ^V^^ti of hoU o w fiber filteri np mgm^ranes 
immftrsed in jf ff ^'^ Wstrate g nd having said membranes qiSPOS^d 
gftnprallv vertirallv between iippp-r and lower headers such that (i) 
mitsides of enHs of\said m ^nihrflnes are sealingly secured to the 
h^f^ ^^rs in a d o ff ^' Y f tpV^'^ ^ P^*^ relationship, (ii) M}mm pf Sfti^ ^\f^^^ 
hpin g in fluid ^ nmmiA icatiop ^th at least one, permeate collection 
means, and, (ij i) >»aid fiA ers hav in g a length in the ranpe from 0.1% to 
sqg) greater t^an the distV " V^^tween headers: 
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in fluid communication with said lumens of said 


membranes throue 


h at least one permeate collection means. saidJ2unm 


operable to apply 


a suction to tl^e lumens of the membranes to draw 


a component of tl 


e substrate f^s permeate through said membranes 


v^hil^ leaving parti 


^ilate matter in said substrate: and. 


(d^ aeratioi 


1 me;^ns providing a column of rising bubbles near 



said outsides of saiM me mbranes' lower ends. 



